he field work was carried out at the Experimental Station of the Desert Research Center, Balosa region, North Sinai Governorate, during two summer seasons of 2015 and 2016. To study the effect of subsurface drip irrigation (SDI) at depths of 10, 20 and 30 cm below soil surface and polymers at the rates of 0, 50, 100 and 150 kg polyacrylamide (PAM) per feddan (0.42 hectar) on productivity of maize under sandy soil conditions. Results indicated that all studied parameters [plant height (cm), number of ears/plant, ear length (cm), ear diameter (cm), grains weight/ear, 1000-grain weight (g), harvest index (%), shelling (%), water use efficiency grain yield (kg/feddan), total biomass (kg/feddan), as well as, protein and oil (%) in grains] were significantly affected by subsurface drip irrigation in both seasons. The highest values of these parameters were recorded when subsurface irrigation was used at a depth of 30 cm below the soil surface, followed by 20 cm, while the minimum values were recorded for subsurface irrigation at a depth of 10 cm below the soil surface in 2015 and 2016 growing seasons. Increasing PAM rates from 0 to 150 kg/feddan caused a significant increase in all studied parameters of maize plants in the both seasons. The highest values of these parameters were obtained at 100 kg PAM/feddan compared with control treatment (without PAM). This has occurred in both seasons and in all parameters, except plant height, ear diameter, water use efficiency, protein % and oil %, which were higher when using 150 kg PAM/feddan, but the differences between the two levels were insignificant in both seasons. Available data revealed that all studied parameters of maize were affected significantly by the interaction between subsurface drip irrigation and polymers in both seasons, except no. of ears/ plant, ear diameter and ear length, which did not reach a significant level in the two seasons. Maximum values of the interaction between subsurface drip irrigation and T
lead to better aeration for the root system and reduces soil compaction. Many researchers found that polymers increased yield and its components of maize as recorded by Azzam (1983) , El-Hady (1987) , Huttermann et al. (1999) , Yazdani et al. (2007) and Adem et al. (2016) .
This study was designed to improve the maize productivity and increases water use efficiency at sandy soils as a result of reducing the water lost from the soil either down by percolation or up by evaporation by using some water retention technologies, i.e. subsurface irrigation at different depths and rates of polymers application under sandy soil conditions in Baloza region, Egypt.
MATERIALS AND METHODS
Two field experiments were carried out at Baloza Station of the Desert Research Center, North Sinai Governorate during two consecutive seasons of 2015 and 2016. The experiments aimed to study the effect of subsurface drip irrigation (SDI) and polymers (polyacrylamide, PAM) on productivity of maize plants cv. Giza 321 under sandy soil conditions. Twelve treatments were resulted from the combination of three depths of subsurface irrigation, where percolation lines were buried to a depth of 10, 20 and 30 cm and four rates of polymers (PAM) as a soil conditioner, i.e. 0, 50, 100 and 150 kg/feddan, which were added at the depths of subsurface irrigation and mixed with fertilizers. The physical and chemical soil characteristics of the studied site were determined according to Klute (1986) , as recorded in table (1). The chemical analysis of irrigation water was carried out using the standard method of Page et al. (1982) and presented in table (2). At harvest, samples of 5 plants/ plot were taken randomly 121 and 126 days after sowing in 2015 and 2016 growing seasons, respectively, from the middle of plot for every treatments to determine the following characters: plant height (cm), number of ears/plant, ear length (cm), ear diameter (cm), grains weight/ear, 1000-grain weight (g), harvest index (%), shelling (%), water use efficiency, grain yield (kg/feddan), total biomass (kg/feddan), as well as, protein and oil (%) in grains, at harvest grain and total biomass (kg) of each plot were recorded.
Whereas, shelling percentage (%) was worked out by using the formula as suggested by Beadle (1987) , shelling percentage (%) was calculated according the following formula = weight of grains from ten ears / weight ten ears x 100. Water use efficiency (WUE) was calculated by dividing the crop yield (kg) by the amount of water used (m 3 ) according to Molden et al. (2003) . Harvest index (%) was computed by using the following formula (Beadle, 1987) : HI (%) = grain yield/ total biomass x 100.
A split plot design with three replicates was used. Main plots were occupied with subsurface irrigation and the sub plots allotted with polymer. Each experimental unit area was 10.5 m 2 (1/400 feddan) in the two seasons. All recommended common agricultural practices were adopted throughout the two experimental seasons. All the obtained data for subsurface irrigation and PAM treatments were subjected to analysis of variance according to the method described by Gomez and Gomez (1984) . Means comparison were done using least significant difference (LSD) at 5% level of probability.
RESULTS AND DISCUSSION

Effect of Subsurface Drip Irrigation, SDI
Data in table ( 3) reveal that all studied parameters, i.e. plant height, number of ears/plant, ear diameter, ear length, grains weight/ ear, 1000-grain weight, shelling %, grain yield, total biomass, harvest index, crop index, water use efficiency, protein % and oil %, were significantly affected by subsurface drip irrigation in both seasons. The highest values of these characters were recorded when subsurface irrigation was at a depth of 30 cm below the soil surface, followed by 20 cm, while the minimum values were recorded for subsurface irrigation at a depth of 10 cm below the soil surface in both 2015 and 2016 growing seasons.
It is worthy to mention that the differences among the studied depths of subsurface irrigation in all studied characters may be due to that subsurface drip irrigation allows uniform delivery of water directly to the plant root zone, minimizes evaporative loss, improvs vegetative growth and yield characters and increases use efficiency over other irrigation methods. These results are further evidence that drip line depth at a 30 cm is probably acceptable on this soil type and climate for maize production. These results are in accordance with those mentioned by Lamm and Trooien (2003) and (2005), Douh and Boujelben (2011) , Albasha et al. (2015) and Lamm et al. (2017) .
Effect of Polyacrylamide, PAM
Data in table (4) indicate that increasing PAM rates from 0 to 150 kg /feddan caused a significant increase in all studied parameters of maize plants in both seasons. The highest values of these parameters were obtained at 100 kg PAM /feddan compared with control treatment (without PAM). This is fairly true in both seasons and in all parameters, except plant height, ear diameter, water use efficiency, protein % and oil %, which were higher when using 150 kg PAM/ feddan, but the differences between the two levels were insignificant in both seasons.
The increasing percentages of these attributes with using the rate of PAM (100 kg .09 and 13.07 for oil % in 2015 and 2016 seasons, respectively. The increasing in the values of these traits under this study resulted from the incorporation of polymers material with soil, can retain large quantities of water, nutrients, which are released slowly as required by the plant to improve growth under limited water supply. This may also be due to developments in the nature of root growth, like root length, root volume, rootfresh and dry weight which in turn lead to better translocation of water, nutrients and photoassimilates and finally better plant development. Similar results of incorporating polymer into the soil and its effect on the yield and its components have been reported by Sivapalan (2006) Kumari et al. (2017) .
Effect of the Interaction between Subsurface Drip Irrigation and Polymers, SDI x PAM
Available data in table (5 and 6) show that all studied parameters of maize were affected significantly by the interaction between subsurface drip irrigation and polymers in both seasons, except number of ears/plant, ear diameter and ear lenght don't reach to significant level in the two seasons.
The highest values for each of plant height were 253.90 and 250.97 cm, grain weight were 93.83 and 91.45 g, 1000-grain weight were 269.05 and 263.07 g, shelling were 82.78 and 81.69%, grain yield were 4028 and 3972 kg/feddan, total biomass were 8938 and 8743 kg/feddan, harvest index were 45.06 and 44.43%, crop index were 82.03 and 83.50%, WUE were 1.82 and 1.74 kg m 3 , protein were 11.09 and 16.65% and oil were 3.92 and 3.89%, due to the interaction between subsurface drip irrigation and polymers were obtained when subsurface irrigation was used at a depth of 30 cm below the soil surface, with the rate of 100 kg polyacrylamide/feddan, in the first and seconed season, respectively. Regarding of subsurface drip irrigation, Ahmed et al. (2012) reported that subsurface drip irrigation allows highly production of crops without negative environmental impacts associated with leaching or runoff. Lamm et al. (2017) found that the highest values of yield components of maize and water use efficiency were observed under subsurface drip system, which was approximately twice and seven times than sprinkler and basin systems, respectively, for many crops production under desert condition. However, about of PAM, Adem et al., (2016) pointed out that using of polymwers as afertilizer with maize led to an increase in ear weight, 1000-grains weight, grain yield and total biomass and also increased water use efficiency in percentages ranging from 33-87%.
CONCLUSION
The results indicate that the use of subsurface drip irrigation at a depth of 30 cm below the soil surface in combination with addition of 100 kg polyacrylamide /feddan had a significant effect on most of the parametrs under study. This may be due to the integration between the study factors to benefit each other, so that the water provided by subsurface irrigation don't lost quickly away of the plant, but is caught on the surface of the polysaccharides granules, so that the plant can absorb it by roots, thus reducing the amount of irrigation water needed for the unit area and improving its productivity. 
